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Abstract 
 
Minerals in the rosasite group namely rosasite, glaucosphaerite, kolwezite, 
mcguinnessite have been studied by a combination of infrared and Raman 
spectroscopy. The spectral patterns for the minerals rosasite, glaucosphaerite, 
kolwezite and mcguinnessite are similar to that of malachite implying the molecular 
structure is similar to malachite. A comparison is made with the spectrum of 
malachite. The rosasite mineral group is characterised by two OH stretching 
vibrations at ~3401 and 3311 cm-1. Two intense bands observed at ~ 1096 and 1046 
cm-1 are assigned to ν1 (CO3)2- symmetric stretching vibration and the δ OH 
deformation mode.  Multiple bands are found in the 800 to 900 cm-1 and 650 to 750 
cm-1 regions attributed to the ν2 and ν4 bending modes confirming the symmetry 
reduction of the carbonate anion in the rosasite mineral group as C2v or Cs.  A band at 
~560 cm-1 is assigned to a CuO stretching mode. 
 
Key words: Glaucosphaerite; Kolwezite; Mcguinnessite; Rosasite; Hydroxy 
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1. Introduction 
 
The common simple rock-forming carbonates can be divided into three main 
groups: 1) the calcite group, 2) the dolomite group and 3) the aragonite group. Peter 
Williams reports that whilst metal substitution in azurite is extremely uncommon, 
such is not the case for malachite [1].  In minerals related to malachite, ions identified 
together with Cu(II) are: Zn(II), Co(II), Ni(II) and Mg(II). The most common 
congener of malachite is rosasite. Rosasite forms in the oxidation zones of zinc-
copper deposits and typically is found as crusts and botryoidal masses or nodules. 
Crystals are fibrous and found in tufted aggregates. No single crystal study of rosasite 
has yet been published. Powder diffraction studies of rosasite suggest the mineral is 
monoclinic [2].   
 
The rosasite mineral group is monoclinic or triclinic hydroxy carbonates with 
the general formula A2(CO3)(OH)2 or AB(CO3)(OH)2 where A and B is cobalt, 
copper, magnesium, nickel and zinc [3].  The chemical composition of these minerals 
means that the minerals are highly colourful, often green to blue. Minerals in the 
rosasite group are related to the mineral malachite [4, 5]. Minerals in this group 
include rosasite [(Cu,Zn)2(CO3)(OH)2]  [6-8], glaucosphaerite [(Cu,Ni)2(CO3)(OH)2]  
[9-11], kolwezite [(Cu,Co)2(CO3)(OH)2]  [12], mcguinnessite [(Mg,Cu,)2(CO3)(OH)2]  
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[13-16], and nullaginite [(Ni)2(CO3)(OH)2]  [17-19]. Apart from rosasite the minerals 
are rare secondary minerals.  Besides the chemical composition, the structural 
relationships between these minerals are demonstrated by the similarity of their 
powder diffraction patterns [20]. A significant feature of these minerals is their 
microcrystalline fibrous habit. This characteristic precludes in most cases, single 
crystal studies.  The space group symmetry and cell parameters are mainly derived 
from powder pattern indexing. Apart from that of malachite, no other structural 
determinations are available for the rosasite minerals.  Rosasite as with the other 
minerals of this group form spheroidal aggregates in extremely thin fibrous crystals.  
Rosasite forms in the oxidation zones of zinc-copper deposits. Crystals are fibrous 
and found in tufted aggregates.  Rosasite may be associated with aurichalcite, 
smithsonite and hemimorphite. 
 
Infrared and Raman spectroscopy have been used to investigate carbonates 
including azurite and malachite [21, 22].  A detailed single crystal Raman study has 
been undertaken [5, 21].  However the vibrational spectroscopy of minerals of the 
rosasite group has not been undertaken. Few infrared spectral studies of the minerals 
of the rosasite group have been forthcoming [22-25].  Also to the best of our 
knowledge no NIR research on these minerals has been reported.   An infrared 
stretching vibration of the hydroxyl unit of azurite was observed at 3425 cm-1, 
whereas two bands were reported for malachite at 3400 and 3320 cm-1.  The 
observation of two bands for malachite suggests coupling of the hydroxyl stretching 
vibrations [5].  This coupling was not observed for azurite [5].  Azurite and malachite 
form the basis of pigments in samples of an archaeological or medieval nature  [26-
29]. Malachite has a characteristic intense band at ~430 cm-1 and for azurite an 
intense band at ~400 cm-1.  The deformation modes of azurite were reported at 1035 
and 952 cm-1 and at 1045 and 875 cm-1 for malachite. [22, 30]  Thus even though the 
two carbonate minerals have the same space group, the molecular structure of the 
minerals is sufficiently different to show infrared bands at slightly different 
wavenumbers.  Differences between the spectra of malachite and azurite may be 
explained by the molecular structure of azurite being based upon a distorted square 
planar arrangement compared with a distorted octahedral arrangement about the 
copper in malachite. 
 
The carbonate symmetric stretching bands for azurite and malachite were 
observed at 1090 and 1095 cm-1.  Goldsmith and Ross reported the infrared bending 
modes of carbonate at 837 and 817 cm-1 for azurite and at 820 and 803 cm-1 for 
malachite [21].  Two ν3 antisymmetric stretching modes were observed at 1490 and 
1415 cm-1 for azurite and at 1500 and 1400 cm-1 for malachite.  The observation of 
these two bands confirms a loss of degeneracy. Such a conclusion is also supported by 
the observation of two ν4 modes at 769 and 747 cm-1 for azurite and 710 and 748 cm-1 
for malachite.  The vibrational spectroscopy of these two minerals is complicated by 
this loss of degeneracy.  Schmidt and Lutz reported some vibrational spectroscopic 
data [31].   Two infrared bands at 3415 and 3327 cm-1 were observed for malachite.   
 
 In this work we report the vibrational spectroscopy of minerals of the rosasite 
group and relate the spectroscopy to the mineral structure.   
 
 
 
 3
2. Experimental 
 
2.1. Minerals 
 
Selected minerals were obtained from the Mineral Research Company and 
other sources including Museum Victoria.  The samples were phase analysed by X-
ray diffraction for phase analysis and for chemical composition by EDX 
measurements.  
 
2.2. Raman microprobe spectroscopy 
 
The crystals of hydroxy carbonates  were placed and oriented on the stage of 
an Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at liquid nitrogen temperature were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [32-
35]. 
2.3. Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a 
smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 cm-1 
range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a 
mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to noise 
ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
3. Results and discussion 
 
The minerals of the rosasite group have not been studied by single crystal X-
ray diffraction. Invariably because most of the crystals are composed of thin fibres.  
Extensive powder X-ray diffraction suggests the minerals are triclinic, although 
Anthony et el. states the minerals are monoclinic [36]. This statement is apparently 
based upon the assumption the structures are similar to that of malachite. The 
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structure shows that two of the three oxygens bond to separate copper atoms but one 
carbonate oxygen bonds to two copper atoms. The OH unit serves to bridge two 
copper atoms. The model of the structure of malachite shows that the carbonate anion 
is of C2v symmetry if the two cations bonding to the carbonate anion are identical. If 
however the two cations are different (e.g. Cu and Ni or Cu and Zn) then the 
symmetry of the carbonate anion would be Cs.  The mineral glaucosphaerite is equally 
enigmatic and may be monoclinic. Williams reported the structure of the rosasite 
group of minerals to be triclinic [1]. It is not neccessarily true that rosasite has the 
same structure as malachite [1]. However it is most likely. In the structure of rosasite 
some of the copper atoms in the model of malachite are replaced by zinc atoms.  For 
the other minerals in the group some of the copper atoms are replaced by other cations 
such as Co.  
 
3.1. Raman and infrared spectra of the hydroxyl stretching region 
 
 The infrared and Raman spectra of rosasite, glaucosphaerite, kolwezite and 
mcgunnessite are reported in Figs. 1a, 1b, 1c and 1d. The spectra enable a comparison 
between the infrared and Raman spectra to be made. The Raman spectrum of rosasite 
displays two bands at 3387 and 3319 cm-1.  In the infrared spectrum four bands are 
observed at 3486, 3401, 3311 and 3139 cm-1. This latter band not observed in the 
Raman spectrum is attributed to adsorbed water. The two bands at 3401 and 3311 cm-
1 appear to correspond to the two Raman bands.  These bands are attributed to OH 
stretching vibrations.  
 
 In the infrared spectrum of glaukosphaerite two bands are observed at 3402 
and 3309 cm-1 which appear to correspond to the two Raman bands listed as 3382 and 
3307 cm-1.  An additional band is observed at 3484 cm-1 which appears to correspond 
with the low intensity band in the Raman spectrum at 3488 cm-1.  The broad spectral 
feature centred on 3191 cm-1, not observed in the Raman spectrum is ascribed to 
adsorbed water.  The infrared spectrum of kolwezite shows two strong bands at 3400 
and 3307 cm-1 with corresponding Raman bands at 3389 and  3321 cm-1.  Additional 
infrared bands may be observed at 3541 and 3119 cm-1.  The first band is assigned to 
OH stretching vibrations and the latter band to adsorbed water.  The intensity of this 
band appears to vary with the particular rosasite mineral. The infrared spectrum of 
mcguinnessite displays two bands at 3407 and 3316 cm-1 which correspond to the two 
Raman bands at 3381 and 3309 cm-1. In addition, infrared bands are observed at 3545 
and 3177 cm-1.  The IR band at 3545 has a corresponding Raman band at 3522 cm-1; 
however as stated above the band at 3177 cm-1 in the infrared spectrum does not have 
a corresponding Raman band.  
 
The question can be asked as to why the bands in the hydroxyl stretching 
region occur in various positions for the different minerals. The reason is attributed to 
variation in hydrogen bond distances between the OH units and the oxygens of 
adjacent carbonate units. By using a Libotwitsky type function hydrogen bond 
distances may be estimated [37] .  Hydrogen bond distances vary for rosasite from 
2.780 to 2.867 Å.  These values may be compared with the values for malachite which 
are 2.8636 and 2.8017 Å.  In comparison the hydrogen bond distances for pokrovskite 
are significantly longer with values between 2.83 and 3.280 Å.  The significance of 
this difference means that the wavenumbers of the OH stretching vibrations occur at 
higher wavenumbers for pokrovskite than for rosasite.  The mineral glaucosphaerite 
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has hydrogen bond distances similar to that of rosasite. This means the hydroxyl 
stretching wavenumbers will be in similar positions. Hence the spectra of rosasite and 
glaucosphaerite should be similar as may be observed in Fig. 1.  Similar estimates of 
hydrogen bond distances can be estimated through Raman spectroscopy.  The effect 
of collecting Raman spectra at 77 K causes a reduction in the hydrogen bond distance. 
For rosasite the values of the hydrogen bond distances are 2.7895 and 2.7517 Å at 298 
and 2.7850 and 2.7465 Å at 77 K. For glaucosphaerite the hydrogen bond distance 
decreases from 2.806 to 2.8457, 2.7864 to 2.7831, and 2.7406 to 2.7442 Å upon 
cooling to 77 K.   
 
3.2. Raman and infrared spectra of the carbonate (CO3)2- stretching region 
 
The infrared spectra of selected rosasite minerals in the 950 to 1150 cm-1 
region are shown in Fig. 2.  For rosasite two intense Raman bands are observed at 
1096 and 1056 cm-1.  In the infrared spectrum two intense bands are observed at 1096 
and 1046 cm-1 with an additional band at 1023 cm-1. The first band at 1096 cm-1 is 
assigned to the ν1 symmetric stretching mode of the carbonate unit.  Bands have been 
observed in the infrared spectra of malachite at 1095 cm-1 and 1090 cm-1 for azurite 
[4, 5].  The infrared spectrum of hydrocerrusite showed an intense band at 1090 cm-1 
[38]. Interestingly the (CO3)2- ν1 band of the rosasite minerals should not be infrared 
active. However because of symmetry reduction of the carbonate anion the band 
becomes activated. The intense Raman band observed at 1096 cm-1 for rosasite is 
assigned to the ν1 (CO3)2- symmetric stretching vibration. The intense Raman band at 
1056 cm-1 is assigned to the δ OH deformation mode.  The corresponding infrared 
band at 1046 cm-1 is even of greater intensity. The additional infrared band at 1023 
cm-1 is also assigned to a δ OH deformation mode. The observation of two δ OH 
deformation modes is attributed to the nonequivalence of the OH units in the 
structure.  Since the OH bridges two cations such as Cu or Zn, the the second band 
could arise from the Cu-Zn bridge as comapred to the CuCu bridge.  For malachite 
two bands attributed to OH deformation modes are found at 1045 and 875 cm-1 [5].  
For hydrocerrusite the OH deformation modes were observed at 1047 and 1040 cm-1. 
It is noted that in the infrared spectrum of rosasite an intense shoulder occurs at 1023 
cm-1.  
 
In the infrared spectrum of glaukosphaerite the δ OH deformation mode is 
observed at 1047 cm-1 (Fig. 2b). However the spectral profile on the lower 
wavenumber side of this band is complex and may be resolved into a series of 
ovrlapping bands. For the mineral glaukosphaerite two intense infrared bands are 
observed at 1099 and 1047 cm-1. The first Raman band is assigned to the ν1 (CO3)2- 
vibrational mode and the second band to a δ OH deformation mode.  In the Raman 
spectrum two intense bands are displayed at 1097 and 1065 cm-1. As for rosasite in 
the infrared spectrum a long tail on the low wavenumber side is observed and a 
component band for glaukosphaerite may be resolved at 1003 cm-1. This band is a 
second δ OH deformation mode.  In the Raman spectrum of kolwezite two 
comparatively sharp bands are observed at 1093 and 1059 cm-1 (Fig. 2c). In contrast 
two infrared bands of larger band widths are observed at 1096 and 1047 cm-1. The 
position of this second band appears to vary between the rosasite minerals. In the IR 
spectrum of mcguinnessite, two bands are observed at 1046 and 1004 cm-1 (Fig. 2d). 
Both bands are ascribed to δ OH deformation modes.  The ν1 (CO3)2- symmetric 
stretching mode for mcguinnessite is observed at 1099 cm-1.   This mode is strongly 
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Raman active and appears as an intense band at 1099 cm-1. In the Raman spectrum the 
intensity of bands at 1060 cm-1 assigned to δ OH deformation modes is low and in the 
infrared spectrum the strong band is observed at 1046 cm-1 is also assigned to δ OH 
deformation mode.   
 
The infrared and Raman spectra of selected rosasite minerals in the 1150 to 
1750 cm-1 region are shown in Fig. 3.  The infrared spectrum of rosasite in this 
spectral region is characterised by intense bands centred upon 1488 and 1388 cm-1 
which may be resolved into four bands at 1522, 1488, 1425 and 1388 cm-1. In 
comparison the Raman spectrum displays bands at 1493, 1458 and 1364 cm-1. These 
bands are attributed to the ν3 antisymmetric (CO3)2- stretching modes.  In the IR 
spectrum of malachite two bands are observed at around 1500 and 1400 cm-1 [5].  For 
hydrozincite two bands are observed at 1515 and 1400 cm-1.  It would appear that 
there are two pairs of bands for rosasite namely (1522 and 1425 cm-1) and (1488 and 
1388 cm-1).  The observation of two sets of bands for rosasite suggests that there are 
two independent carbonate units in the crystal structure.  
 
Such sets of bands are also observed for each of the other rosasite minerals.  
For glaukosphaerite two sets of infrared bands are observed at (1531 and 1425 cm-1) 
and (1493 and 1401 cm-1). The observation of two sets of bands is also observed in 
the Raman spectra, namely (1522 and 1460 cm-1) and (1496 and 1367 cm-1). These 
bands are assigned to the ν3 antisymmetric (CO3)2- stretching modes. The low 
intensity bands at around 1639 cm-1 in both the IR and Raman spectra of 
glaukosphaerite are assigned to water deformation modes. The fact that the band is 
observed at all in the Raman spectrum suggests that the water is bonded to the 
glaukosphaerite surface. For kolwezite two sets of infrared bands are found at  (1522 
and 1426 cm-1) and (1486 and 1390 cm-1) (Fig. 3c).  In the Raman spectrum three 
bands are observed at 1495, 1456 and 1363 cm-1. These bands are assigned to the ν3 
antisymmetric (CO3)2- stretching modes.  Low intensity bands are also observed in 
both the Raman and infrared spectra at arouind 1640 cm-1. The bands are assigned to 
the water deformation modes. The observation of water bands brings into question the 
formula of the rosasite minerals. The related mineral pokrovskite of formula 
Mg2(CO3)(OH)2.0.5H2O does have 0.5 mole of water included in the formula. The IR 
and Raman spectra identify the presence of water in the mineral and brings into 
question the fromulation of the mineral kolwezite. High resolution TG coupled to MS 
also shows the presence of water in these minerals. For the infrared spectrum of 
mcguinnessite bands are observed at 1542, 1497, 1431 and 1391 cm-1 (Fig. 3d). The 
infrared  intensities for mcguinnessite are opposite to that of rosasite in this spectral 
region; bands are observed for this mineral at (1542 and 1432 cm-1) and (1497 and 
1391 cm-1).  In the Raman spectrum bands are observed at 1567, 1540, 1494 and 1359 
cm-1.  
 
 
3.3 Infrared and Raman spectra of the low wavenumber region 
 
The infrared and Raman spectra of the low wavenumber region are shown in 
Fig. 4.  The infrared spectrum is limited to the cut-off point at 550 cm-1 at which point 
the diamond ATR cell absorbs the infrared radiation. However such a cut off point 
does not effect the infrared spectroscopy of minerals containing carbonate as all of the 
bands are above 550 cm-1.   
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The mineral rosasite shows two intense infrared bands at 870 and 818 cm-1. 
These bands are assigned to the ν2 bending modes of the (CO3)2- units.   The first band 
is not Raman active as is observed by the abesence of any intensity. A Raman band is 
observed at 817 cm-1 which corresponds to the infrared band at 818 cm-1. The 
observation of two ν2 bands is in harmony with the observation of two sets of bands in 
the ν3 antisymmetric stretching region.  The infrared spectrum of malachite shows two 
bands at 820 and 803 cm-1 ascribed to (CO3)2-  ν2 bending modes as does azurite at 
837 and 817 cm-1[5].  Hydrocerrusite infrared spectrum shows two bands at 850 and 
834 cm-1.  For rosasite a number of infrared bands are observed at 776, 748 and  710 
cm-1. These bands are assigned to the ν4 (CO3)2- bending modes. In the Raman 
spectrum, bands are observed at 751 and 719 cm-1.  For malachite two infrared bands 
are observed at 748 and 710 cm-1 which are assigned to this ν4 (CO3)2- bending 
vibration [4, 5].  Another mineral with similar formulation to rosasite, hydrozicite has 
infrared  bands in this region at 738 and 710 cm-1.  The infrared spectrum of 
hydrocerrusite has ν4 (CO3)2- bending modes at 700, 687 and 676 cm-1.  Two bands 
are observed around 570 cm-1 for rosasite (not shown in the figure); it is not known if 
these bands are due to ν4 (CO3)2- bending modes. However this asignment seems 
unlikely. 
 
The infrared spectrum of the mineral glaucosphaerite is very similar to that of 
rosasite with two IR bands observed at around 886 and 819 cm-1.  Infrared bands may 
be resolved at 886, 870, 828 and 819 cm-1.  In the Raman spectrum only a sharp band 
at 819 cm-1 is observed with a low intensity broad feature centred upon 870 cm-1. The 
infrared spectrum for glaukosphaerite shows bands at 779, 749, 737, 710 and 668  
cm-1. In the Raman spectrum two bands are observed at 751 and 719 cm-1. A low 
intensity Raman band is observed at 570 cm-1 and is ascribed to the CuO stretching 
vibration.  The infrared spectrum of the mineral kolwezite is also similar in this 
spectral region, even though the profile is more complex. Infrared bands are observed 
at 878, 861, 819 and 802 cm-1. In comparison only a single Raman band at 818 cm-1 is 
observed. The infrared spectrum of kolwezite displays bands at 747, 728 and 710cm-1 
corresponding Raman bands are at 751 and 718 cm-1. A low intensity infrared band is 
observed at 570 cm-1 and is ascribed to the CuO stretching vibration.  
 
 The infrared spectrum of mcguinnessite (Fig. 4c) shows strong bands at 871, 
847, 819, 803, 781 and 738 cm-1.  In the Raman spectrum a sharp band at 838 cm-1 
and a broad band at 914 cm-1 are observed.  Two additional bands at 741 and 707 cm-1 
are found.  The set of infrared bands between 871 and 803 cm-1 together with the 
Raman band at 838 cm-1 are assigned to the ν2 bending modes of the (CO3)2- units.  
The two IR bands at 781 and 738 cm-1 together with the two Raman bands at 741 and 
707 cm-1 are ascribed to the ν4 (CO3)2- bending modes.  The broad Raman band at 914 
cm-1 may be attributed to an hydroxyl deformation mode.  
4. Conclusions  
 
 The infrared and Raman spectral patterns for the minerals of rosasite, 
glaucosphaerite, kolwezite and mcguinnessite are similar and may be compared with 
that of malachite. This implies the crystal structure is similar to malachite.  The single 
crystal structure of the memebers of the rosasite mineral group remains undetermined. 
The question arsies as to why there are similar infrared and Raman spectral patterns 
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for the rosasite minerals.  It means the minerals must have the same structure or at 
least related structures. Malachite is monoclinic with point group 2/m.  Therefore it 
can be inferred that the structure of the rosasite group of minerals is monoclinic.  This 
conclusion is in agreement with the assumptions of Anthony et al. who state that 
rosasite and related minerals have monoclinic structure by analogy with malachite 
[36].  
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Fig. 1 Raman and infrared spectrum in the 2800 to 3800 cm-1 region of (a) rosasite (b) 
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Fig. 4 Raman and infrared spectrum in the 650 to 950 cm-1 region of (a) rosasite (b) 
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